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between Adriatic Sea (as the source of warm and humid 
air) and Pannonian Basin (as the source of cold air 
masses in winter period). Most of the lower mountain 
belts (<1500 m a. s. l.) have temperate humid climate 
with warm summer (Köppen climate type Cfb), and 
higher parts have humid boreal climate (type Df). Mean 
annual air temperature (MAAT) in the area around 1000 
m a.s.l. is 5.5°C and in the highest parts MAAT=3.5°C. 
The coldest months are January and February (MMAT=-
2 to -5°C) and the warmest one is July (MMAT=12-
16°C; Zaninović et al., 2008). But even in the lower 
altitudes, where larger karst depression (dolines, uvalas, 
karst poljes) acting as a cold air traps, there are often 
air temperature inversions documented (Antonić et 
al., 1997; Buzjak et al., 2011; Horvat, 1952-53; Vrbek 
et al., 2010). Mean annual precipitation above 1000 m 
a.s.l. ranges between 1500-3500 mm/y (Zaninović et al., 
2008). With altitude rise there is a snow ratio rise in total 
precipitation.
The study area
Velebit Mt. is the longest and the most spacious Croatian 
mountain. It is a part of Dinaric karst belt and extends in 
N-S and NW-SE (Dinaric) direction, making important 
physiognomic, relief, climate and biogeographical 
barrier between continental and Mediterranean parts 
of Croatia. Due to the prevalence of carbonate beds of 
well-developed secondary and tertiary porosity there 
is deep karst developed, with all types of surface and 
subterranean karst forms. The research area is located in 
the region of Northern Velebit National Park. Up to year 
2013 there were 362 (mostly vertical) caves recorded 
(Dubovečak et al., 2013; Mudronja, 2011; Železnjak 
Abstract
The research of cave microclimate in general contributes 
to a better understanding of physical and chemical 
processes in complex karst geoecosystems. Special 
challenges for researchers are ice caves. The ice contains 
various fossil, geomorphological and chemical records of 
the past that can be used for research of former processes 
or creating climate profiles for paleoenvironmental 
research. Also, the “pressing need” is to study ice caves 
due to the significant ice loss that has been documented 
for the ice caves worldwide (Kern and Perşoiu, 2013). 
This preliminary report is a part of the long-term project 
dedicated to the research of deep caves on Velebit Mt. 
and pointed to the influence of the large karst depression 
microclimate to cave microclimate, e.g. ice and snow 
accumulation. The one year study using T/RH data 
loggers was conducted in Lomska duliba valley (Velebit 
Mt.) known for frequent temperature inversion and low 
air temperature, and in partially ice-snow filled Ledena 
jama (Ice shaft) located at valley’s bottom. The main 
research was focused on the entrance part of Ledena 
jama, where the dynamics (accumulation and melting) 
of perennial ice and snow is significant.
Introduction
All caves with perennial ice and snow in Croatia 
are situated in Dinaric Mountains. In Croatia they 
are not of high altitude (up to 1813 m a.s.l.) but are 
characterized by mosaic of meso- and microclimates. 
Such climate diversity is, among other relevant factors 
(like geographical position, altitude etc.), influenced by 
diverse relief, karst terrain roughness and border position 
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jama and Lomska duliba were measured with Hobo 
U23-001 RH/Temp (Onset Computer Corporation) and 
Oakton RH/TempLog (Metex Corporation Limited) data 
loggers. For the research 8 loggers on different loactions 
were used. For this preliminary report we selected most 
representative data from 2 loggers. The surface logger 
was installed at the bottom of Lomska duliba - on the 
edge of the entrance to Ledena jama (1235 m a.s.l.). It 
was mounted on a trunk (N exposure) below treetop and 
200 cm above bare surface. The logger in lateral passage 
in Ledena jama (Fig. 1 and 2) was mounted at the depth 
of -45 m below the surface, on the thin plastic cork to 
avoid direct contact with a cave wall and possible direct 
thermal interactions. The logging intervals were set to 30 
and 60 minutes.
Geological and geomorphological 
settings
Lomska duliba is a large elongated depression (14 km2, 
120 m deep) shaped during Pleistocene as a glacial valley 
formed by Lomski glacier. During Holocene it is slightly 
reshaped by karst and periglacial processes. It was 
developed along Lomski fault and therefore elongated 
in the direction of WNW-ESE. The area is built of well 
karstified Upper and Middle Jurassic limestones and 
dolomites and Paleogene limestone breccias (Velić 
and Velić, 2009). In the entrance part of Ledena jama 
Pleistocene and Holocene beds (mostly breccias and 
rock debris) are known. These beds are the result of 
glacial erosion and accumulation by the Lomski glacier 
and recent Holocene periglacial processes (Bognar et al., 
1991; Bočić et al., 2013).
and Mudronja, 2012). This area is widely known among 
cavers and researcher for deep vertical caves (Bakšić 
and Paar, 2006; Bočić, 2005; Bočić, 2006; Kuhta and 
Bakšić, 2001). Three of them are deeper than 1000 m: 
Lukina jama-Trojama system (-1431 m, the deepest 
one in Croatian part of Dinarides), Slovačka jama 
(-1320 m) and Velebita (-1026 m). Many of up to now 
discovered caves (132) of Northern Velebit contains 
accumulations of perennial ice and snow recorded to the 
depths of several hundred meters (Buzjak et al., 2010). 
Their characteristics are object of a study involving 
speleological, microclimate, physical, hydrological and 
geomorphological researches (Paar et al., 2013a, 2013b).
Research history
The first record of the research of Ledena jama, by the 
Croatian Speleological Society cavers, dates back to 
the 1962. They explored and mapped entrance chamber 
up to the depth of about 50 m where they were stopped 
by the ice and snow plug. The descents into the ice 
plug holes and below it were successful in 1992 and 
1993 when Croatian and Slovakian cavers intensively 
explored this area. In 1996 cavers reached the bottom, 
and map was finalized in 1997 (Jelinić, 2001). During 
the expedition in 1997 there was one of the most serious 
accidents in recent Croatian caving history when one 
caver was heavily injured by the ice- and rockfall. Due 
to the extreme risks connected with ice melting, ice- and 
rockfalls in deeper passages shaft was avoided and not 
explored or visited anymore.
First records about Ledena jama microclimate were 
collected during the botanical, microclimate and 
ecological researches in 1995 and 1996 (Buzjak, 2001; 
Vrbek and Buzjak, 2000). During 1995 cavers sampled 
the ice cores and organic material used for dating 
(Jelinić et al., 2001). Further analyses, calculations of 
accumulation and melting rate were performed by Kern 
et al. (2008). Additional dating of organic material from 
Ledena jama and comparison with Lukina jama was 
done by Paar et al. (2013a, 2013b).
Methods
The climate data for surface parameters were obtained 
from the Main meteorological station Zavižan (Croatian 
Meteorological and Hydrological Service). It is the 
highest permanent meteorological station in Croatia, 
1594 m a.s.l. (Fig. 1). It is located 6.2 km NW from Ledena 
jama. Microclimate parameters (T and RH) for Ledena 
Figure 1. Location map of Northern Velebit 
in Croatia and measuring points: Zavižan 
Meteorological Station and Ledena jama.
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data. It is layered and contains various material of 
terrestrial origin (soil and rock particles, leaves, branches, 
animal bones, etc.). The estimated ice deposit age based 
on tritium (3H) and radiocarbon (14C) dating of ice and 
wood sampled from the ice, after Jelinić et al. (2001), 
and Paar et al. (2013a) is about 140-525 years. Kern et al. 
(2008), according to accumulation/melting rates, roughly 
estimated it to 105 years. Their research indicated that 
the winter precipitation has a more important role in the 
ice formation than the rain of summer half year.
Climate conditions
Due to the altitude range 1200-1700 m a.s.l. the 
highest areas of northern Velebit, including research 
area of Lomska duliba, are transition zone between the 
temperate humid climate with warm summer (Cfb), 
and humid boreal climate (Df). The transitional zone 
is discontinuous and highly modified by often change 
of the high peaks, ridges and deep karst depressions 
(mostly dolines) with often temperature inversion. 
Ledena jama is located in the SW part of the bottom of 
Lomska duliba valley. It is a knee-formed vertical cave 
(shaft) consists of large vertical passages and chambers 
interconnected with shorter narrower horizontal 
passages. The attractive, funnel-like entrance opens at 
the valley bottom (1235 m a. s. l; Fig. 3). The entrance 
is 50 m wide and 60 m long. Such a wide open entrance 
(area=3000 m2) enables strong microclimate influence 
from the surface. Despite of dimension entrance part 
is shady and even during the summer most of the day 
protected from the direct sunlight.
The entrance continues in a large (60x60 m) chamber, with 
25 m long lateral horizontal passage. Total volume of this 
part is about 30000 m3. At the depth of 50 m (1185 m a. s. 
l.) there is a chamber bottom consisting of snow, névé, firn 
and ice. It is a large cold body that has important cooling 
effect. The snow is allochthonous deposit that accumulates 
from outside the cave: directly from the precipitation and 
indirectly by sliding and collapsing from the steep slopes 
and trees around the entrance. The névé, firn and ice are 
autigenic deposits forming from deposited snow and by 
freezing of percolating water. This infilling reaches the 
depth of 90 m and separates the entrance part from the 
rest of the vertical passages and chambers. The total depth 
of Ledena jama is 536 m (bottom = 699 m a.s.l.; Fig. 4). 
In the chamber and passage there are geomorphological 
markers indicating frost weathering in the form of rock 
debris fallen from the passage walls and ceiling.
The snow and ice filling is very interesting as a 
microclimate modifier and as a “treasury” of scientific 
Figure 2. Locations of data loggers 
(LD=Lomska duliba, LJ=Ledena jama). Map 
source: Jelinić 2001.
Figure 3. A - entrance to Ledena jama 
(photo S. Buzjak), B - the aerial view of ice-
snow accumulation (photo V. Dubovečak).
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has no direct effect to isolated karst depressions it has 
a wider importance - during winter this air circulation 
transports colder air masses from the continental Croatia 
and Panonnian basin towards the warmer Adriatic coast. 
Therefore it is also an interesting feature for a study of 
local microclimate and possible influence on ice and 
snow accumulation in caves.
Due to the feeding of the cave from the infall snow and 
freezing meteoric, melting and percolation water, it is 
useful to analyze the precipitation (Fig. 6). The mean 
annual precipitation on Zavižan was 1838 mm/y, within 
range 1300-2400 mm/y. The MMP ranged from 68 mm 
(July) to >200 mm (November-December). The highest 
mean monthly amounts (>300 mm) were recorded in 
January and October-December, but with prevalent share 
of snow. In the observed period there was total of 1145 
days with snow depth ≥30 cm (31% of total days counted). 
Such a thickness of snow cover is possible, besides winter 
months, also in the period from March (average 26 days) 
to May (average 2 days), and in November (average 3 
days). The long term average number of days with snow 
is about 150-170. Maximum snow depths during winter 
is regularly >200 cm. The record values (>300 cm) are 
always recorded in March (March 21, 2013 = 322 cm). 
There is the highest Croatian meteorological station 
Zavižan (1594 m a. s. l.) that collects data since 1953. 
The data from Zavižan for the 10-year period (2003-
2012) illustrates climate conditions enabling permanent 
snow accumulation and ice forming in mountain caves 
(Fig. 5). MAAT was 4.2°C. There are four months 
with MMAT below 0°C. Also the number of cold days 
(Tmin≤-10°C), icy days (Tmax<0°C) and frosty days 
(Tmin<0°C) should be taken into account. In total there 
was 2590 days (71%) with air temperatures ≤0°C and 
only 18 (0.5%) warm days (Tmax≥25°C).
The large karst depressions are known for low air 
temperatures due to the temperature inversion. Such a 
temperature distribution is the factor influencing snow 
accumulation and percolating water freezing. The cooling 
effect on Zavižan location is mostly influenced by the 
strong, dry and cold NE wind locally known as “bura” 
(int. bora; Grisogono and Belušić, 2009). Although it 
Figure 4. The profile of Ledena jama in 
Lomska duliba (after Jelinić 2001).
Figure 5. Climate diagram of Zavižan, period 
2003-2012. Legend: NC=number of cold days 
(Tmin≤-10°C), NI=number of icy days (Tmax<0°C), 
NF=number of frosty days (Tmin<0°C), 
NW=number of warm days (Tmax≥25°C), 
MMAT=mean monthly air temperature, 
T_mmamax=mean monthly max. air 
temperature, T_mmamin=mean monthly 
min. air temperature, T_abamax=absolute 
max. air temperature, T_abamin=absolute 
min. air temperature. Data source: State 
Meteorological and Hydrological Service.
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slopes around, there is a lot of snow accumulation in the 
cave. The snow on the surface can last till the April-May 
and in the case of slow melting there is a constant water 
infiltration into the cold cave environment. There are 
«warmer» periods in the cave when there is a melting 
process dominant. It is clearly observable form deep 
holes in the ice and reducing of the ice-snow body (Fig. 
3B). According to the recent observations and after Kern 
et al. (2008) warm summer period is of less importance 
for ice accumulation and it›s critical because of melting. 
Melting is caused by higher ambiental air temperature 
and by the warm percolation water that infiltrates fast 
through highly porous epikarst zone into the cave. The 
entering of warmer air was not observed because it is 
prevented by the thick layer of denser, heavier and colder 
air marked by sharp thermocline some 20 m below the 
entrance line.
According to its morphology and the amount of ice-snow 
mass, Ledena jama could easily be classified as a typical 
static cave, but here presented microclimate observations 
and previous researches by Jelinić et al. (2001) and Kern 
et al. (2008) suggests that situation is a little bit more 
complicated. There is a system of inaccessible chimneys 
above and large spaces below the ice-snow plug that 
probably enabling air exchange through passages. One of 
the future research tasks will be to search for the causes 
of a temperature rise responsible for ice melting and 
quest for explanation of different trends and correlations 
between surface and cave air temperature like these 
observable in early and late summer (Fig. 7).
The amount and snow balance is important for Velebit 
ice caves with vertical entrances. It accumulates directly 
during falling, indirectly by sliding from the surrounding 
tress and slopes. As it melts it provides huge amounts of 
water that percolates underground and freeze in a cold 
cave environment.
Discussion
By the analysis of sample data for the period June 1 - 
September 29, 2013 it is obvious that Zavižan and Lomska 
duliba have similar trend in mean daily air temperatures 
(MDAT; Fig. 7). Lomska duliba has slightly lower values 
due to the often temperature inversion. In the observed 
period there were 61 days (50%) when MDAT was lower 
in Lomska duliba than on Zavižan. They are influenced 
by the terrestrial long wave radiation and cold air trap 
effect of Lomska duliba. The air temperatures were 
always above 0°C (range 4-21°C, MDAT=11.7°C), but 
obviously low enough to prevent fast and complete ice 
melting. The ice and snow in the shaft are protected 
since they are in the shade, due to albedo and cooling 
effect. The chamber air temperature ranges between 0.6 
and 2.9°C (median=1.1°C). The environment important 
for ice mass balance is obvious from temperature 
amplitude=3.5°C (σ=0.6°C). During the winter there 
are very low air temperatures, and a lot of precipitation 
but mostly in the form of snow so the water intake is of 
small importance. But due to the large entrance and steep 
Figure 6. Mean monthly precipitation (MMP) 
and amounts of snow cover on Zavižan (2003-
2012). Legend: SA ≥30 cm=mean number 
of days with snow cover ≥30 cm, SS ≥30 
cm=total number of days with snow cover 
≥30 cm, MMP=mean monthly precipitation. 
Data source: State Meteorological and 
Hydrological Service.
Figure 7. Mean daily air temperatures 
(LD=Lomska duliba, LJ=Ledena jama). Data 
source for Zavižan: State Meteorological and 
Hydrological Service.
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Conclusion
Ledena jama in Lomska duliba is very promising site for 
research of ice cave microclimate and dynamics of ice-
snow deposits. It is easy accessible, large in dimensions, 
and abundant in deposits connected with various 
geomorphological processes. Part of them is the result 
of paleo- and recent microclimate like rocks, sediments 
and organic material. Recent microclimate is highly 
interconnected with microclimate of Lomska duliba 
and local mesoclimate so they must be researched and 
analyzed as a unique system. Important microclimate 
factors shaping this interesting microclimate system 
are: geographical position, absolute and relative 
altitudes, microclimate diversity, geomorphological 
features, and morphometrical properties of Lomska 
duliba and Ledena jama. The geographical position 
and altitude provide climate environment (lower air 
temperatures, abundant precipitation) important for 
ice-snow accumulation and conservation. Lomska 
duliba as a karst depression has microclimate marked 
with often temperature inversions. Ledena jama has 
large shaded entrance with steep slopes that enables 
easy snow accumulation. But positive air temperature 
values and temperature variations (compared to surface 
values) indicate dynamic system that requires further 
data collection, observation and analyses. The plan for 
future research is to establish permanent meteorological 
sites for measuring T, RH and air circulation in the 
area of Lomska duliba and in Ledena jama. There are 
also opportunities for ice, water and organic matter 
sampling and dating.
Acknowledgments
The research was realized with the support of Ministry 
of Science, Education and Sports of Croatia, Project 
No. 119–1191306–1305: Geomorphological and 
geoecological research on Karst features in the Republic 
of Croatia, and 119-0000000-1299: Geomorphological 
mapping of Croatia. The authors would like to thank 
the Northern Velebit National Park and the Croatian 
Environmental Protection and Energy Efficiency Fund 
for supporting the study and to Suzana Buzjak for the 
assistance during fieldwork.
References
Antonić O, Kušan V, Hrašovec B. 1997. Microclimatic 
and topoclimatic differences between the 
phytocenosis in the Viljska ponikva sinkhole, Mt. 
Risnjak, Croatia. Hrvatski meteorološki časopis 
32: 37-49.
International Workshop on Ice Caves VI      NCKRI SYMPOSIUM 4 23
Kern Z, Bočić N, Horvatinčić N, Fórizs I, Nagy B, 
László P. 2008. Palaeoenvironmental records from 
ice caves of Velebit Mt. - Ledena pit and Vukušić 
ice cave, Croatia. In: Kadebskaya O, Mavludov 
B, Mikhail, P., editors. Proceedings of the 3rd 
International Workshop on Ice Caves: Proceedings; 
2008 May 12-17; Kungur, Russia: Perm State 
University. p. 108-113.
Kuhta M, Bakšić D. 2001. Karstification Dynamics 
and Development of the Deep Caves on the North 
Velebit Mt. - Croatia: Proceedings of the 13th 
International Congress of Speleology; 2001 July 
15-22; Brasilia, Brasil. p. 1-4.
Mudronja L. 2011. Speleološka ekspedicija “Lukina jama 
2011”, Izvješće o projektu, SO PDS Velebit, 33 p.
Paar D, Buzjak N, Sironić A, Horvatinčić N. 2013a. 
Paleoklimatske arhive dubokih jama Velebita. In: 
Marjanac L., editor. Knjiga sažetaka 3. znan. skup 
Geologija kvaratara u Hrvatskoj; 2013 Mar. 21-23; 
Zagreb, Croatia: HAZU. p. 39-40.
Paar D, Buzjak N, Bakšić D, Radolić V. 2013b. Physical 
research in Croatia’s deepest cave system: Lukina 
jama-Trojama, Mt. Velebit. In: Filippi M, Bosák 
P., editors. Proceedings of the 16th International 
Congress of Speleology, Vol. 2; 2013 July 21-
28; Brno, Czech Republic: Czech Speleological 
Society. p. 442-446.
Velić I, Velić J. 2009. Od morskih plićaka do planine: 
Geološki vodič kroz Nacionalni park Sjeverni 
Velebit. Krasno: NP Sjev. Velebit.
Vrbek M, Buzjak S. 2000. The ecological and floristic 
characteristics of Ledena jama pit on Velebit 
mountain - Croatia: Natura Croatic. 9(2): 115-131.
Vrbek M, Buzjak N, Buzjak S, Vrbek B. 2010. Floristic, 
microclimatic, pedological and geomorphological 
features of the Balinovac doline on North Velebit 
(Croatia). In: Gilkes R, Prakongkep N., editors. 
Proceedings of the 19th World Congress of Soil 
Science; Soil Solutions for a Changing World; 2010 
Aug 1-6; Melbourne, Australia: IUSS. p. 9-11.
Zaninović K, Gajić-Čapka M, Perčec Tadić M. 
2008. Klimatski atlas Hrvatske/Climate atlas of 
Croatia 1961-1990, 1971-2000. Zagreb: Državni 
hidrometeorološki zavod (DHMZ).
Železnjak R., Mudronja L. 2012. Istraživanja dubokih 
jama Nacionalnog parka Sjeverni Velebit, Izvješće 
o projektu, SO PDS Velebit, 40 p.
